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“1’IIc cl IiIll(II\:u of’ SIMCC fli~,,llt ill NASA’s fu[ulc is I() cIIal Ilc sIIIallcI, ]II()]c fIct]uctIl and illtcll~ivu SIXIUC
ckl)lo[;tlio]l” a( llIucl I l(Iwcl [[)1:11 cost  wittmul  su[)s[:ill[i:llly dcclcasin~j  rllissio]l  [cli;lt)ili{y, C:tl)at)ilily, or IIIC
sciclllilic Iclull)  011 iitvcslrllcl)l, “1’tlc. lIIos( cflcclivc  w a y  (O aclticvc  II)is F,oal  i s  to []uild ill{clli~,c, r){
Calml)ili[ics  itllo tlm sl)accctaf’( llmIIIsc.lvcs. OLII lcclll]olo:,ic:il  J’ision f’oI ]I)ccli[)i: (IIC cl Iallc]Iyc’ of” rclu]ilitl~,
quality scic[)cc  llIIoLI~,lI Iil[li(cd col[lll]llllic;i(ioI)” ba]ltlwidtll  will actu;il!y ]NI( scicl)lists iu a  ]IIotL  dir~’cl Ii]lk
wilt] llIc S[mccc[:if[ llIar) llIcy I]avc cr)ioycd (0 d;itc. ‘1’ccllllolopics s u c h  a< lMt[clII Icco:,llilior)  aII(l tllaclli[)c
Ical])i])p catI p l a c e  a  ~mll of” Ihc scic.l][isl’s  awaIclIcs\  otltx):iltl t}Ic s])accclaf’1 I() IIliolilizc  doiti)litlk  0 1  (O
:ILI1OI)OIIIOL]SIJJ Irigg, c[ Iill}c.-c]ilica] ft)llo w-up  ot)scl\Jil(io[ls---l):lrl” icularty  illllx)tlar)t  ill flyby  llliss ions---
wi(tloul  ~I(NlfId inluaclion. OIIlmId knowlcdp,c. diw)vc[y II Icll Iods calI hc uwxi 10 i]wludc cardidatc
(Iiscovclim in cd) dowrllink  for scicmlisls’  Sc]ulitly. SuclI cal):lt]ili(ics  w i l l  allow  scichtists 10 quickly
1~’j)liotilizc Illissiolls  ii) a lIILl Cl I II IOrC illlit]latc  aIId cf’fi(. ictl[ tIIal IIIcl It]al] is lmsi[)lc lwlay.  Ul[ililalc]y,  IIC.W
cla~scs  (If cx}lloliitioli  missim)s  will bc. c.lIal)lcd

IN’J’1{O1)ll{:’I’1 0N”

IIigllly AIIlonomous l’latforms

WC  ct]i’isioll  it)at  inlcltip,c[l( aulotmmous s~wc,  syslc.l  IIs w i l l  c\’(Ilvc [III(I  (Ic[)l(ly  in II]ajol }ItIaws. ‘1’lIc.  liIsl
])tmc involves  auto]])htim)  of tiIc tmsic  ctlgitlccl  ill~ ald Illissior) :icco]l)l)listlltlc]]l  functiorls  of’ the slmcc
l)lalf’o II II, ‘1’t)c IclcvaIIl  Cal)abiiilics  include ]I)ission I)lar)ni]tg, and lcsoulcc lIIarI;i~,cIIIcrIl, lIc.alllI  lIIanagc.l Ilc.111

ald faull JIlolcction,  alId ~,uirla m-c.,  havifyllion  and coIIt Iol. Slalcd  diffcrv.  nlly. Iticsc aulonoll  lous capabilitic.s
\\’ill Illakc IIIC s}la(’c I)liilf’{)1111  .w/Jditec/itlg, .vrlf-[)t  r,vet b!itlg and .7c IJ-ttl{)l)i[izitig. S()[lic (It” (lIC Iclc.vaIlt
tc.cl)noloy,ics illcludc  Artificial ln(clli~mm (Al) Imcd l)laItuinp, & scllcdulirt~,  oimta(ioIr+ IC.scarul I, decision
ltlco] y, II Iodc-l I:(scd Icasot]il\~,, intc.lligcnt  a~,cIIts, s~mli:il ltfnsonil)~, aId ImII ai an(i o h m  sl)ccialinxl
(ccl) rlolof~, ics. JIy 2’()()(), wc cxj)cc( (Ilat NASA sj):iccctof[  will have aclliciwl  aII ontmald  aLI(oIIIatcd closed
100])  COIIIIO1  al a  Imic lc.vc.1  aIIIOIIg: I)lanninf,, adivilics to acllicvc  rllission  ~;oals, llIal[cuvcl  inp ard
Iwintirlp,  10 cxc.culc llIosc  :iclivilics,  and dclcctin~, a n d  lcsolvin~ f a u n s  to conlir]uc  llIc. [uissiotl  wittlout
lcquitil]~, flloulId sLll IlmI[. At ltlis  poi!lt,  Il]issioll  :Iccoi])l)list]]llct)l i s  [mco!r]ill~ ]arj:c.ly au(oIIoIIIous,  aIK!
dlallm(ic  cos[ savinr,s  is sccw in tlIc forlll  o f  ILd11cc4i, slIa Ic41  ~,tound slaf’finf, wllicll  Icsponds  on dc.lIIand (0
ttlc slmccctiift’s  lMcoII-hscd IcqLIcs(s fm irltctac(ion.  Alw ill fllis I)lIaw, tllc fllst CICIIKV1lS o f  Ol)lwald

scicncc. au(onolIly  will bc deployed, usilip, tcc.l)nolo[j,ics like. trainable Oljcct  1 ccop,ni7cIs. } IOWCVCI  , tllc
(lc.cisiol]-tIl:lkitlg  c a p a c i t y  10 dclc.r[ninc IIOW [Iiissio]l IN iot i(ics slIoLIld  ciIaII~,c aIKl wlIat lIc.w II]issio]t ~,oa]s
sl~mld  Iw xldul  in lIIC lif,h[ of in(crltmdiatc  ICSN](S,  discx)vcl ics :ud  OIIICI CVCIIIS  N’ollld Slil] r e s i d e  laIp,cJY
with sciclllis(s  ahd o[l Icr allalysls  olI llIc ~, IoutId.

WoIk on au(ollla(inx  tlIc. space.crafl will cwllinuc into  ci)allcmping alms Iilm gycalo  ontmr-d  adal)labilily  in
]csj)omlillp, 10 c.vcnls, clmcx-loq) c.o IIIIol fh sIIIall body  IL. tIdc7.vous and Iatdil)p, [Ilissioils,  atd o[)c.latioll d
l}Ic ]nultil)lc  l’[c.c-ilyitlg c.lctIIcIIls o f  sl)acc-basc~i lclcscoj)es  ad itllcl fc.ro;llc.tcrs. 11) addi(iml,  in tlIc. ncxl
]Jmsc  of aulol  Iol IIy dc.vclolIIIMIt and insm[ion,  [i jm lion of IIIC scicnlisl’s awalcncss, i.e., aII olxci vinr, ZUK\
discovcvy  lHcscIIcc, wi l l  IIIovc. ap,p,lc.ssivcly or)tmld. lrl ollIcl w e l d s ,  knowlcd[:c  f’of discl  illlillalinf,  alKl



(lclc”llllil]ill~:  \Vll:ll it]l”o[l[]alioll is illl[)ollitlll W(JLIIII  lili~,iall’ I(J Illc Slulcc [)lilll’ollll, ‘1’llc lclc\’tll Il cq)al)ilitics
include  lC;IILIIC  (Iclccliotl  and tlackin~, ot]jc.c( tcc(l~llili(l]t, :111(1 Cx[)l(lla[()[y  (I:ll:i Sillll])lillp. .SOIIIC  (lj’ ttlc
tulcv:itll  lcclltmlop.ics  atc  ~M\t(c[ 1) Icc(lj,,lli{i(m, llml~illc  Ic.:t! lli]~~  (\iilii  l))initl~  aII(\ kr]owlcd:l,c  (iis(,oi’c[  y, At

II]is I)oinl, llIc slIacc ]Ilalf’olll  I I)cfl,ins  10 lIccolIIc .v[’i/-  c(/fl((//if,f,  and C:lll lL’Sjx)rd  10 ullccl[aill[y  \\i[llin (Iw
Illission  cotllc.x(, a t)lclcquisilc J’01  pl:duatitlp,  tx’y(~ll(l lLc(l]l[l:liss;lf]cc (() illlclac[i\’c,  ill .Yi/t( Cxl)loldtioll.” 1 ly
? ( ) ( ) 5 ,  wc cxpczl tl12it a sip,nifican(  fml (ion of (Ilc inh ]l~dtion  ](wlincly  iL’tLuld flolll  f)ln[lol IIIS wOUI(I  not

sil])f)ly illlL.1 slticlly IIl:ltcll f’cal(ll L>s (Jf’ s(;ltc(l I)liol illlc[L.sl, I)(I( Wolll(l IX’ (IL’CIIINI  tly tll(’ 0111) ()/1!(1 S(lf’lwalc  10
I)c “il]tclcstin p,” :{[)(1 wotll]y  o f  1’LIIIIICI cxalnil]atiotl  I)y :il)l)]ol)]ia[c cxpc IIs or} IIIC f,toun(l.  A t  (I)is J)oil](,
Ii[liil(d  co]l]l]l~l[iic:l(iol]s”  I):uldwi(l[ll \v(mld (IICII  I)c tl{iliycd ill aI) cxlIt)llcly cif’icicllt fasllioll,  :tIId “;IIcIIs”
1“1(1[11 v:llious  ar]d f<ir-f’lullj~ [)121  {{)1111<  l~,ou](l I)c :Illli{il):i[r(l \$,illl /I,Icdt il]l[l[sl,

‘I”l)is  lI;II)CI  wi]l focus 0 1 1  co IIcclIls dII(l l)]cliltlil];lly v(IIk f’01 IIIC SCC(III(I  l)l]ai~ of  auloIIoIIIy”  (lLj)][IyIIICIIt :IS

oulliric(i :il)ovr, foI []loj~’l[ill~l llIc scic[ltis(’s  :I\\<(tCIICS\ ;Ild Clt’i\lill\l  :111 (Jlwi’i vit)p, an(l diwx)][.1], [)IL$CIICC.

011110:11(1”  lIIC Sl):imvilfl. [1] [IIC [~tl];iii](l(,[ of [II( lI:IIIc  I, wc fIIs( dc\cIIlw  ol]j~oirlp,” u,(IIh [III  s[):Iccc1211(

;Iulol](}[lly 211(1 }Iow suctl :Iu((ln]:i(iotl sc]vc.s scirli  cc, II]cll wc (Icscvi[w (JUI (( IIIcCJ)lS  k)l  al)l)lyinf, :Iu[olIoIIiy”

[ccl IIIol(I~,y  l~)t ont)();lld  scic[lcc, Ncx(  wc (Itw[il)c [\\I() OIII)(KII[[  science cxl)c!illil>n(s iIi (ict;lil, ;In(l }i’(’

coll(l(ldc  willl 0111 lh(myllli  (JII (tic 1’LII(IIL’  lll(hlJcu(\  ;Iti(l ]):iy(~f’1’  for :Iu[OII(IIIIy  ill Illc s e t  \,icc 01 Sc.ictlct. :IIKI

cx])io]alior].”

A1l’1’ONon’lY” 1“01{ I; N(;l N1; I’:I{lN(; Itlh’(’’l’loh’s

So f’l\\’;ilL. all(l Syslcl]ls  Col)cc[)fs  I() ;I[llollldlc cllyilicc]ilip fu[lctiol(~ o f  (Iw  slwwvaf’: })l;\\)l)il)p,  aIKl

scllcdulit] p,, ol)c[:iliolls,  ” ~Llidallcc,  tlavi~,aliol) :IIK1 cOIIIIO I,” f:lult I][otcctior)” all[l Icsoulc’c ll):ill ;i:cll)(vll.

1 l(~wcncl, ilIc ~]lti]I]?itc  d)jcc(ivcs of” NASA lIli\siorl\  :IIC scicllcc-dlivcil ol]lccli\cs.
II[l]licdi;![c :id\’:ItIccs  :ifc lwii]~ II12(Ic in [tic dc\Ll(li)II)cIIt 0 1 ”  ii sys(c[ll  c(lnccl)[ ad ;in {\lclli(cc(\llc f(;:

aulonool]iy  so f(wdlc  (I;csq 1[)[)  ()). ‘1’l]is alcl]ilcclillc  co\Icls  Itm fli~,l][ ald }I,[OLIII(I  syslcl]l  fk)l  [Ill I“[lrlc[i(lll$ t)f
(Iw slmccclllfl.  Sil]cc Il)c f’(wus of” ltlis Iml)cl is  f’li~lll Systctll :Iul(lrlollly, \\,c will discuss lI]c fli~,l]l sys[c[l~
[ml(ioll  of Ilw alcllilcclLllc. 11 i s  illllwl[ar]t  10 I()[)k 2( :iu[oflollly”  f[ol[] a  syslclII  vicv.[miu(  l~ccause tl{is
aj)l)l(mclI  p,ivc.s the. til(wl p,ain in rducill~~, (~jw]:llions c(xl  alI(l  il]ll)]ovilip, ]Iiissiotl ctiplb ilily, ‘1’tlc ic:i$of)  is
hcca{lw  duc  (() Iil]litc(l ol)lxml{l ICS(NIICCS, slmccci dfl f“uncliolls ale  Iliyllly couI)lc(l ald aulol[la[i[lj! onc j):tt [ (If
(IIC lliy,lll sys[cIH wiltl no consi(lcl:ilior]  of” [IIC v,’l]olc \vill 1)0( y i e l d  ]Iluch sdvitlp,s. l;O1 cx:i]lll)lc,  [c(:iryctilly,
Il)c sciclicc  c:tlima h ICI IIOIC sctlsin~ lIas  10 t)c cool(liwtlcd” will] allitu(lc COl)llol, SI ); I(’(X’I :Ifl
colll[ll(l[~ic:~li(l[l, Imwc.! (Iisll it)u(i(m aIKl ({:ita II IaIIa/I,UIIIWl, clc. Al l  IIICSC  f’Ltllc[ions hove I() [w IIi:III:IjICd  10
l)l(l\i(lc  c(~r]flicl-ftcc olJcl:lli(lll\  (If tile scicl]cc C:illicl:l, Au((~]l]:l(illS  ;lttit Ll(ic CO II IIOI :IIOI)C i s  OIIly

:Iccol]lj]lisllitip, p~ili of Itm jot]. ‘1’his is l)lcciscly  IIw Icdwn wlIy aulono]lly”  ticcds  [(I [)c :iJIJ)mIclIcd  (oj)-(lo\\rtI”
usitt~~, a sys(cill  a~)~ll<mcll.  I;iy,uic I is a Mock didpl 2111101 tlw spncccv afl ‘1’llc’ (J-sll;ipc(l  \)l(lL’k ICJIICWIIIS IIIC
slmccct:il”l  hardwzitc and tl]c llli(l[llc sqwiic  1(’jHc\ctI[s  tllc fli~,ll( soflw’;il~’. A  lli~,Jl (ICF,ICC  of sIMcccT:If[
duloII(JIiIy i s  111:1(IC. lx).ssil]lc I)y afl a rull-lil]lc  :Ilc’lli[ccl(ltc. co]lsistillg  of” f’oul 11:111s:  [)lzirl[lillp/scl]e(lLili II:,,
S111;11 ( CXCCll[i\JC,  Ildc idC[l(ifIC;l(ioll 21KI lL’Collh~,lll  il(iol), Hn(i I ra-lill)c c(IIIII  (II. ‘1’t)c Ica-til]w CCIIItIC)l

sc~,IIlc IIl is wlwfc  Itlc (Ia(lilional  ICa-lilllc fli:,,lll  s(lf’1~$’:irc  sucli as til[i(u(lc mtIt I(Il rcsi(les  zin(l we will Ic’fc.[ 10

lIw subsyslclil sof[\v2iIc :IS (Iolluin  cxl)ct [s. ‘1’l)c ]]l:lll]]ill[~/scl  lc(l[llillp, lIIC Slll:ill cxccu[i\,c  drd tlic IImlc
idc])[iJIca[io[] ad [ccc)[]fi~(l[:i(io[i Ufotk ck)scly  (( Iy,ctl IcI zin(l me kIiou’11 c o l l e c t i v e l y  a~ tlIc  I{ CIII()(C Ajl.c IIl.
‘1’llis is lIIC 1o11 al]l]lica[ioll  I:iycl o f  (Itc l-ii,ql]( s(Jf(\\dlc  llla]l:ip,in~, IIle ol)claliolls  of tl]c sjmcc.’ct;  iil f’uncfio]ls
:111(1 i[ is tlw cotc of (ml [ICW autotlor]ly”  zilullitccllllc..

‘1’lw Rctllo[c  Aucn(’s  (icsi~,il i s  lKIWXI (III  lIOWCI f’ul WI(I cxci(ill~, (ccl] liolo~,ics wl\ich  C. N(IOW  (he sj):~ccc]af(
will] tw.w ~wll:lviol atl(i cd]): il~ililic’s, ‘1’IIC Rclllotc  AjT,(n( c<iltics cxl]lici(  II I(XICIS  of (IIc. olwr:t(i(~u:il  t]cl]a\iols
o f  I n c .  S])accc’ldf[ Sllc}l :is Std(c Il)()(lcls of ’  tlic’ ]i:l[LklC, :111(1 tc.souluc  lL.(lLlilc:ll]c.rlls  a[d ()[)cral  ional

colls[l:li I)ts. ‘1’t)c lc:woni]l~ cn~incs il) [IIC l{cIIIotc  AII,rIIt l(](~k fm c(]tlflict  flee IHOCCLILNCS  ({~ (IlrIii(c tl)c.
sl);Iccc I;if( ill ]ca-till]c. “llIc  [)clicf”ils  o f ”  t h i s  a])f)lotIclI  i~ to Icducc opclaliorts”  lc(luiIc’l]wnR  wllilc l)csto\4’irl/:

(Iw  s])accciofl  will) ll)ulti])lc  I) ICmIS 1 0  Iuncliot) iii urlcct[:iin C.rl}’i](]rlll]c.l]ls (:(~t]sll:iirll-t)ti~ccl plallllitl:,  ~iIKi
sclw(l(llirly, emsulcs [lC1li  C.\’ClllL’11(  (lf Iollf,,-tcllll I]lissioll ot)icc(ivcs  d ll]:il]:if:c~ (Iw :ill(~ciiti(ll~ of sys(clll
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ILx)uIccs.  “Il)c  smat  ( cxcc(l(ivc  ]xu Iolllts  lol~us(, t]l~llli-ttll~’:i(lc(l cxcculion,  10 lclial)ly  CXCCLIIC f)k IIIIICd
SC{jLICIICCS utI&I corl(litioils  01 L]r)ccl (ain(y, 10 ]a[)i(ily lL. s[)olld  1 0  Ullc.xj)c.c(cd  CVCI1(S SLICII as CoIll\)ol}clIl

f[lillll LX, ald 10 n)at)[igc co]wurlcl][ lcnl-lillm  activities. h40(lc. i(lc[](ifica(iori aId rucor~l;~(ll:iti(~l], IMSC({  oil
Iilo(lc-hscd (Iizify]osis, is cotlf’lll]ls succcssf(ll  I)lall rxcculiol]  :Ill(i in f’cis Illc Ilcallll Of all syslclll  Col[llmncllts
lmc.(1 01) inllclctllly  lirllilc(l scns(~r inforll]alioll.” ‘1’tlc [II ICC ell~,incs \vol k Iop,clhcl (1 amsfol ]I]in[,, IIIC
s]mcc.uafl  ftoll~ at] opcm loop syslcll)  (as sect] by Itlc fy(wld (Jl)cI~il(Jt)  [() a closc(l-loo}) sys[cill,  ‘Inc. Imrlc.fi(
of lIIC Closdl(wl)  a[jl)joacl] allows  lIIC Slmccclaf[ lo R() itlto ctlvilr)lllllcllts  t h a t  arc. H](HC  unccr lairl :1(KI I()
acllicvc  OUI  scicncc ~,(); Ils ]I)orc ]cliably  in tlIc face of sucl I L]rlccl  lain(y.
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li~,urc  l,”l’t]c  l<c.l]l(Jtc. A~,cr][  :trl(ll[s(;orl(cxt

“1’f]c I< CII]OIC A~crIt also  p[ovi({cs a  s c a l e . a t ) l q  n](dular  a[llli(cc(urc  f(jt fli~!llt sof!war~.  Ii{,,[lrl ? stlows  a

fw’rlclal  ])url)osc  sul)clslruc((lrc.  Spccinliz.cd f’unc(iorls atr dclii’clcd  as cuslt)rll,  r]]odulal doir]:iil] l’xl K:Ils SLICI1
as a  scic[lcc  Calllcia c.xj)cr( 01 arl :Ittilu(]c corll[o] cx[rrl. ‘1’llcsc funrtions car] tx: Iia(li[iollal  slmcccr ali
sul)sys[c]tl  func(iot)s  0 1  lhcy  C: III l)c (I()]llain s})ccifrc au((I]IOIIIous”  f’urlcliorls illco]j)ora(illy, ” I)cv,, lcchr)()]()py
suctl  a~ ol)lical  l)avi~,a[iol), ‘1’llc.l{crl]()(c A~crl( [)rovi(lcs cclttlalizcd  aL][(~ll(~rnoLls  furtctior]s  sull[mllirlp, a l l
sj)ccializ.c(l i’urlclions. ‘1’flis i“fc.xil)lc :111(1 scalat)lc  atc}]i(cclttlc car] sclvc  a  wi(lc va[icty  of ’sys(cl]ls, t)oltl ill
Spat’c an doll (he. ~,loul)(l,

A[lTONoh4Y  1X)1{ ON1!OARI) SCIICNCIL

Aut(~tlla[illp, the c[l~,incc.rin~,  fur]c(iot]s d a spacccraf(  is al(cady  I]a}]}mi!lf,, aId is (Ic.ilwrdously  challc.n~,iu~’,.
l~l]lil istlota r]cll(li rlits(’.lf,  l<:ilt]ct, ttlc]lloliv:lli(  lrlf or” ttlcclc\'cl(~l,lrlctll  () fsl):lcccl:tft filll[,tl(~rlly  ul(irnatcly
i s  10 sclvc scicncc.  11) tlm ncxl sectiorls,  wc discuss  ad(litimml  idc.w 10! n o w  au[ot]orny  Iccllnolop,ics  can
aulolIIa(c  solIIc f’otII)s (II scicllcc  d a t a  ])iomssir]p, orll)():[rd ,  ald I)ow suctl caj)a[)ili(ics  c a n  irltclacl  will)
s[)~lc~cl<lf(  ;l(l[ollor~)y” CZljEl[)ili(i CS 10 C.l)h~lll CC SCi Cl)CC ICI LI III fl{~lll  Illiss ioIls of Cx[)](llatiorl, W(’ alL. jllo[)[)sill~),

:i nc.\v fItiIIIcw(IIk  for :iulolIotImLIs” c.\’alu:iti(m of scicrlcc d a t a  ald (Jbscr\’:ili(Jn l]lahrlill~, milmatd  s}]accmafl.
‘1’l)c.  fu[u[c  N A S A  I]]issiotl  SC.( \vill fcaturcsrl]allcr :in(l ]lmrc. rlull]c.rous s[]:iccct~if[ ir] an ctivirorlrt]c.llt o f
lli~,l]ly  c(lnstlaincd  uplink  aII(l downlirlk  colllll](]llic:lliol~s. ‘1’hc In(qmscd  luwr(lip,lll  w i l l  s[tikc :1 nc\v, ni(nc
ali]bilious  b:ilan cc. arnon p,: (Iirc.cliorl of rllission  activities lJy scicntis(s wi(l]OLlt the :issis[:(rlcc of ii ~tourd
scqucminp (call ~,lolmst c:i]~illlc al](llcclil  ccti[~rl irll]liiki  llS(lisco\’c[i c.s:il t}Ir l:il~c.1 body,  :Iccollllllo(l?itiotl Of
ll]clc:ilit  icsoflilllitccl cc)tlll]lllllic:it i()tllil]ks,  :irl[llllc  l[:t(ll  tlclf(]Ll:tlity scicr]cc  ]~1()(1 Llclsfr{)llt Itlissiorls.  [)LII
LY)IICCI)(S :UL’.  ~lil IlC4[ ;I( \) UIS\li[l~ ;L[ltol](lllly f(l! SCiCllL’C ~{~ ;\~,~,iCSsi\’c.]y ;I< ~l(i(ol)()]l)y  fol c.l)~il]~eli)]~,,  [~l)d

will)itl  ttlc sall)c  C:illy  lilllc  f[allm .Wc ar-cclc\’clol)irlf’, ii IIultllm  o f  ol)l~(ml(l  scicrlcc  c.x])ctilrw.nl\  in [his
\Jcin.

‘1’llc sl)ccific  ot)jc.cli\m  of tllc.sc initial cxI,ctil]lclll\ ale. as f o l l o w s : ( 1 )  ‘1’() (Icrlwrls(talc  Ilm a[)ility  to

:{tIlolIoIIioLlsly  i(lc. u[ify fcatutc.s ald olj. jccls o f  klI()\viI itllclcsl  in Olltmald acqui[c~i (Ia(:i arid 10 [Itiot itim
ard/ol c.dit downl  ink or) Inc. t)asis of rcli:il  Jy lc.co~,tliy.i[l~, such fc.a[ulcs  {I II(I otl,jcc [s. (?) ‘1’0 ~)]()\’i(lc llIc. b:isis
fm cal)tulirlg  I[allsicl]l  scicmc c.vcmts ll]ro~igll  irltc.~,t:ili(m  of autolmlllous” orllwald  scicr]cc d:iki [~loccssirl[~,
\vill] autolloln(ms  (mbwird capabililic.s  for lctarfyii[l~  ati(l ]l~issi(lrl  pla]lriillfl,. (3) ’1’0 J)r[)\i(lc.tllcl):isis for

sciclllis(s  tocff”icicntly  rcditc.ct  IIlission ac.tivi(ic.s follov.in[i, scicxltific  discoveries at tllc l:ir~,c.t body.
‘1’lm il)lcllip,cnt  syslc.ms  tccl)r)olo~ic.s”  Ilmt w i l l  cIId)lc  aulorIolIIy  fol scicncc  a I c  IIlc da(:I ]nirlir)[:

Iccllnolo:,ics,  ” i]lclu(lin~, lml(c’l[i rccor,llitiol],” IIlacllilw lca[llirlf~  atI(l klI()\vlc(l~,c (Iiscovcly  tcctiniquc.s,



IIcllcfits

‘1’c.lcl]w(ly Iillli(a(ions  [Jace. c.x{ILIIIc c(~l~stlai])ls [m Il)c sc(yw o f  scicillific  cx[mil]lcl]ls ]xwsit,lc  lo] (Iccl)
s[)a(c I]lissiolis;  sucl) consllainls  \vill l)cxx)IIIc cvct I II IOIC scvcic  in  lI]C c(]llti[l:l CI;I o f  l~]oli~klatior]” of (lCL.~J
slmcc  Illissiolls. OLII  ailn is  (() (Iclllot]slldtc.  IIlc a[lilily  (J1 Dovcl  alf:olitlll]ls  ill]l)lc[llcn[cd  on ad\I:I11ru41  flig,ll(
coliIl)ul{lh  [() (Iilcc(ly  cxltmttcc lIIC lL’\ulls actticv:ll)lc  I)y scictl(ific  cxl]ciil]w]tl\  OIIINMTCI  spaccctaf ’ [ \i)C I)ldtl
10 a(llic\c II]is ~,o;ll I)y illil~lL’tl]cllliti}: ol)lm:il(l (1:11;1  :illdlysis al:!,oliltll]ls Il)at C:ir)

I ) Ra[)idly  sif’1 Itltou!,ll  ifw(lul[wnt  dat:{ illll]lcdialcly  u}mn cx)llcctio]l,
? )  I’loli(ic a  t[lnssivc[y  cfNI(lcII$cd  SIIIIIIIId  Iy ()(’ (lIc ill]l)ol(iltll i[lf(~ililaliot] collcclc(l  tly tlw

i]lstlull]cnl(s),  citllct  It) Suic]lcc. l)l’s on [lIc pIou II(l, (I] 1( I al I 0111)():11(1 l)ldt)t)inf: Cxcculil’c,  :IIId
3) I{ IIx[)lc  :Idal](ive cOIIIIOI” (lf”ol)sctt;(tiol]s” Imfc(l 111x)11  illll]lc(lialc  (1212 [J](wcssill~ alt(l an:[lysis.

‘Illc ~,();ll is 10 y, L’llClalc i[lfo]lllillio[l”  111:11 f i t s  ui(l]itl lclc]iiclly  Ii[]lilaliolls, 1)111 111:1[ i s  IIcvc 1[1 Icics\ icli:ll)lc

:NKI sufflcicll[  for Ilm 1’1 0] all (MIl)(mtd I)larlnct 10 dda J)ti\’cly ditcc(  IIIC slmcc[af( s o  (li:~t ~)lK.M)iIicJItI of
slxxial inlctrsl can [w focuw(i  u[)OII t)y sImcctm[lc  illsl[ulllcr]ls. or)c  of’ tllc I)cllcflls,  Illclcfolc,  (11,’ lcsull\
of on[xmtd  mmlysis  will tm 10 acllicvc  (I:{(a co[)ll wlio]~ il~ (I(m’lllillk of sc\fcl dl (Mdcts of” tntlp,[]itu(l~’.

1)2(:I  conllaclio]l” c:iu take  scvcIdl  f(wllls. (h)c  ol)vious  for[]l i s  tlla( o f  s(drl(l:ltd (1:110 cotr][)tcssiol]”

al~,ol illll]]s, botl]  Iosslcss atI(l lossy. ‘1’tIc lcvcrii~,o  avail  at)]c }Ic.Ic sl](ml(t l)c l~ufsucd, tm( ()[1[  n]ain focus  w i l l
lx’. on I]l(lrc il]lcllip,ct]t IIlc.tlds of (Ial:l Colltr:ictiol]. lo] Ckallll,lc.,

1  )  Ddld C.(lilillf: to l[ar]slllit  illlat!,cs 10 g,loLllId at lli~.11 rcsolulior], but ()]Ily o f ”  tl]osc rc’y,iol]s fiot]l

an 01 i~, inal i]]la~.c. tlld( atc (Icci]lc(l to conlai[l  si~, tlif’icat[( 01 uricx~)cc (cd sc. iciililic  infoi Il}a{ion.
? )  I{ct:ii p,c(in~ of” Ihc. slmwcidf(  to stu(iy irl]por (ant :ileas, followili~  successful ontmald  fc:llulL.

(Ic(ccti(m.
3) lb]~i(l (Iowrllittk to lliiI[lI  of Jx)fclllially  in(c[cslillS  (;itp,cl Ic.f:io]ls arI(l lIIIcrloll)cIl;i  sclcclc(l  t)y

OI)I)WII(I  atlalysis  sof’[w:ilc.
Vclificati(m  o f  (Iiscmwics I)y scic[]lis(s  oil Itlc ~lo[lrd  call bc followcxl b y  tl:iining  :111(1 ul]l(m(lin~,  of llC\v
Ic.c(}p,niz.cls 10 quickly  cxlc.nd !hc sLlilc of :l~]to]l(~tllolisly”  dc(cxl:itdc. fcalu[c.s o]llxmtd , a IIluctl II I(IIL’  Cfficiclll
and il]tir]latc. Itlissioll  Ic(lilu. ctioli l)loccss  tlmu cu[[cntly  ctljoyc. (1 l)y scicmtists.

‘1’IIC. two  olIbo:ild scicncc  Cxlmi]]lcrlts  wllic]l follow Imvc hccm JNOIKKCd  ill lhc conlcxt  o f ’  tl]c Nc.w
h4illcll]]iut]l l)c.q)  SIXICC 1 (1) S- 1 ) t]lission, a tccllrlolo~y  vali(la(iotl  I]liss ion wllictl  \vill \risil a  eolnc(  :UKI
an :i$tmoi(l. llacll cxlm ililcllt involves  Ilm aulonolnous  rccop,n ition of cc.l [ain fcat(tlus  of Scicrltific  inlcicst
al co II Icti  IIy and astct(~id:il ta[g,cts. ‘1’IIc  ailli of tl]c cx[m  illlc.rlts  is to dclli(nisti  atc Imw swll a calml}ility  CdII

I)c 11sc41 1 0  pIiori(i7c (lownlink s o  tl]at ir[]a~cs tll:i( c(lnlaill  such  fc:itu]cs  :irc ldiab]y i d e n t i f i e d  alKl

downlillkcd  filst. ‘1’hc sal Im c:ip;ibilily,  if irllc~,ralcd wi[ll ao ot)lxml(l I)laullcl :Ild  }mill(ins cal)~ll]ili(y, would
bc. ttm tmsis of’ aulonotlmusly  Iclalfc(illp,  ald Collc.cti]lg, :i(l(litiorlal ill]a~,c.s of Il]c fcatlllvs  of inlmcsl.

SAT1tl,l,]’I’lt  SJCARC]]

$cicllcc Ohjcc(ivcs

‘1’IIC tmssibility of satcl]i(cs o]l)i[itl~  astcloi(ls  I):is been dclmtc41  since. lhc  Ialc 1 9 7 0 s , \vllc.rl allolll:il(ms

obsci  va(i(ms  o f  s(als bcinp, o c c u l t e d  mar a~lc.toi(ls wuc fllst Tqmltcd (V:in Ikildct-n ct a l . ,  1979).
‘1’llcotclical stu(lics  of tm\v :ls[c.toi(ls fb][llcd d lmw Il]c.y l)tcak ul) in c o l l i s i o n s  II<IVC. yicl(lcxl cx[)cclatiolls
l}l:it s:ilc.lli(cs  w(mlci bc ahsc.r]t ((iC.t\l  Cls C( a l . ,  1987) t o  uncolIliImlJ (Wci(lc.lJsclJi llil]~ ct a l . ,  1989).  ‘1’IIC
discovcxy  [Iy  tllc (ialilco slmccclafl  in  1993 of (J IIc.---an(l (It Ily ollc---s:ttcllilc,  of bilitl~, al(wn(l I d a ,  Ollc Of’



,



~]’ccttnical  Al]l)~oitCl]

., .

“1’l)c :il Il)ro:IclI 10 (Ic(cctio]]  of ’stII:ill salcllitcs  is a S[l:(ip,lllk)l w:Il[i ollc.  II Ic’quircs  lI]ally sucwssive flaltws to

l18ck (}IC ]Iioliotl o f  Imlc.llti:tl (Jbjccls. Sllctl  l’litlllC  Scqwticc.s  al{, I:lkcll roulillcly !()[ Olticl  I]lissiorl (M

scicntihc ol)jcclivcs,  includitlg ol)(ical  n:tvi~l,d(iol]  atd  colol  Squc[lces. No s],cci;ll illl~l~,cs  slmuld IX

[u(luilc(l 10 lest  llIc. f’casit)ili(y (J flllis Iccl]lli(lur.

I’IIc S([IIS ill (Ilc I’lc.ld ale. c[i$y I(} dctccl,  Ix)tli I)y llmi] i[ictilifi:ll)lr  ]Mlclms and Ily Il]cil COIIII]IOII° l]l[]tiot~  it)

llIc fid(l (Il]ci] I])olior]” w i l l  tw (Ic[i]lcd l)y Illc S]ncc’clal[ II[ij(’ctoly all(l any Calllclcl lld~tiitt{: I]lo(ion”  ll)at i \
CIl)]lloyc(i).

(’ostllic I:lys, iii llw sil]lI]lcsl  scllsc., will I]il ill diflrlcl][ }Il;Irc\ i]) (Ii f’f’ctclll f’IdIIIL. \ I{UI 011{.  Illus( I)c a\(’;u($
[11:11 l)otcillidl  ol)jccls  w i l l  II)OVC fioIII  OIIC 1’I:II]IC  (o IIIC IIck( a l s o . I)cl)cll(lirlj: (III llIc lIajcLIOIy o f ”  lIIC

SJ)ilCCC!ill’1 all(l Illc Imsi[ion  of ltlc Oi)jcc( \vittl Ics[)ccl ((1 (Ilc S}l;!CC4’laf’(  :Il)d tllC t:ll,gcl t>[~(ly (aslctoi(l  01
c(~l]lcl), :in(l, [() a Icsscl cxlct)[,  lIIC ol~lccl’s otl)ilal  ]li(~tiol[, II]c 1):1111 of IIlc (Jl)lcc{ 011 lIIC dclcclot  w i l l  Ild((’
(w1 ;i WCII-C{LI”  IIIC(I tliick.  ‘1’llis  lI:Ick IIIUS1  t)c aII;Ily/cLl  I(I (Ic(vi[rlifw uftw(llel it c()[IILI I)c Icalis[ic, fl,ivcil  [Ilc
slmccclaf’(’s I)(hiliolt {II]([ sl~cc(l, I<:l])i(l  :Illalysis (JI’ al)jutlcIIl  ]Il(lliolls llI:il :11(’ conii~lcrl(  \\ill] rL:Il satclli(cs

IIIHy  I)c it II:  II LII:II  OIIC  I() [ICI  1011 II (III  IM):IICI  (IIC  sl):lcvc  I:Il( \\,j(l)  Al :il~,oli[l]ll]~.

WC  cxlml illly salrllilcs, on fils[ (Ic(cc(ion,  lo Iw Csscll(i;(lly l]oi[l(-s[lLl[L.c.s, (llllc’\(llvc(l  by ti)c C;  III}C.1:1.

olIc  w i l l  lI:Ivc  infotilldliol) on ltm  I)li.gll(llcss of” Il]c  ol)jcc(s  - -  cos]l]ic  [ay Ili(s lIIay ~~ily w i l d l y  fIOIIi (MIC

ft;ll IIc 10 Ilw Iicx(,  wtlilc s:(tclli(c  illl:{~,cs slmuld  II:IVC  Irldlivcly  coIIslan(  inlcp,[dlcd siprl:ll lCVCIS. lklCIKlU41
ol)jccls  wilt tw c;liic[  10 vclif’y, I](I1 only i f  llIcy C: III tw sccII i]] ]ilullil)lc illla~,cs,  Im;lusc cosillic I;Iy tlils

can s(nnclilncs CIIISICI.

]’rclilllillfrry Results

WC lmvc Collsll  UC((YI  :1 l)l(I[olylIc of Ilmatd satcllifc  scalclI  alpol  illll]] 211[1 Imw S u c c e s s f u l l y  [rs[rd  il (III llIe
IcLI-I )Myl illl[l~,c.s  f’ImI~ (i:ilile.o. ‘1’IIc (mlm:IT(l  outolll:ltcd  f~f(wcss  (Ic(ccts a satclli[c in lIIC ]) IL5CIICC o f

Sjllljl<lI-;lJ)l)L’;ll 111~ fC[l(LllL>S SUC[l ti$: [);iCkp,lollll(l  s[dl  S, dC[CL’loI (lL’f’CC[S, ~111(1 CO Sllli  C ltl~ Ilj(<, A t  thC f’:IIllIcs[

l:lll~,c  Illc satcllilc i s  ODC pixc.1 i n  six atd only a  ftiw’ (li~ilill iil[cllsily Ic\’cls  Ilif,,l]c]  1111111 Imckp,l(mn(l,  aIKl

lowcI  ill ill(cnsi(y  llICII  tIIaIIy of t h e  c(mlrlic  Iay  tli[s, ‘1’IIc (Ic(cclioli  i s  [m ((MIIIC(I  lo]l~, Ix-f(uu [Iw CUCOUUU3
10 Cllcolllpass  IIlc e n t i r e  }Iill sldmtc,  10 avoid rdl)id cl]n]l~cs in  p,colIIclIy  due I(I slmccclaf[  ]Ilotion, and 10

:Illow  lil]ic 1’01 I)ossit)lc  plocc.ssi[lp, awl ~ci)lnnnitly,, ‘1’IIc  SIIIOII  IKdy is dckxl:il)lc  I)y IIIC I) IC)CCSS  oIIly i f ’
~c(III]c([y allows for visual  sclmlati(ul  o f  (Ilc aslr]oi(l  flol]l ltlc sa(cl]i[c  txdy, aIIcl  i f  lltc  salclli[c i s  II(JI

(~lwuI cd l)y (l\c ask I oid, ‘1’IIc pIocess  tclies  (111 IcII1110141 itll’ot[llatiotj,”  Ilmcfo]c srvclal l;q]i(lly saIIIJIlc(l

fl;ll]ws alc Imvs:IIy f(]l pIopcI  cxcculio]l. ‘1’t]c sa[cllilr dcl(.cliorl  ]n(wcs~  is calmblc o f ’  i[lcoll)()]atil)g slIol I

illm~,c  sc4[L1c.l  Iccs wlIctc i]]lagcs  arc taken  i]} (Iifk]c.111 f’ll[cls. ‘1’IIc  pIocess  was lcs[e(l 011 all (Iw avail:tblc
itl]:[~,cx  of  I(I:I <III(I l)ac[yl. II S  lmfoIIIIaIIcc.  W:IS }mfccI, No tli:irlu:\l  [);iralnc(c.t s e l e c t i o n  wits nccessaty  (:111
(lIc lmIat  IIclcIs wc[c  sclc.ckxl :ILIl(IrI(JIII[ )LISly  t)y l~Llil(-ill [II(Jccdutcs). ‘1’tw l;II llIcs[ Sc(lllc[)cc avail  al)lc w:Is

collcc(c.(1 a l  I n c .  dislancc  of  17] ,318 k[il 10 (IIC a\[c[(]i(l Ccil(c[, 3 tlouls  50 I\lil}\](cs lmfolc. lI)C. c l o s e . s l
:lJ71)lo:lc11. IIlilial  Cstilllntes of f a l s e  (Iclcc[ion [][(~tm[)ilitics, ~,ivcll  IIlis scl of” i][larcs and cil(ulllstatms,
Iaup,c. f’lol{l 0.()()1  % to ().()?.%, dc~)c.n[lin~, [m llIC  flltc] uscci f(]l t}Ic olmI valions.

AII’I’OMATIL1)  ANA1,YSIS _ANl) I) I1(:ISION  MA 1{1 N(; Volt I’1.AN1t’I’A R}’
~ll,’I’1{A \7101/lt’1” SI’1t(:’I’l<os{ :ol’}’”

Scicncc olljcctivcs

OIIc. of llm lIIosl CmIIiIIOIIly used aId ]mwcI  fLll  tcclltliqLlcs  f’ol ttlc  cxl]lmalion of I)lanclaly atd c o m e . l m y

:I(i Il(xj)llclcs  is  ull[aviolc.t  Slmctroscq)y.  IIV sI1cc(t(Jy,fqJls  lInvc  txc.tl  Callic(l  to cvc Iy llI:IIIcI v i s i t e d  b y

slmund’(. (JV sl)cc[rd (Imivc(l f[otll t h e s e  ins([ullirllls wc u s e f u l  10I (Il)[airiinp,  (Ilc c(~]]llmsiliorls and filst-

mdc[  IIllysical IIlol)c[lics  (c. ~, , tcllljX’[dUIC, ]ML’ssWL’)  (If Ull~lCl llkuIC.t;ll  y  atlmsph(vc.  s :illd  c(MIWt;\ly  Colll:l~.



(JV S]wcl[a :Ilc ills{) uscf’[lt fol ca(c.~olizi]lf, Il]c cxcil;l{ioll Il]ccll:lllisllls  01 [ll[l[lCliil~  ai[~,lows,  clcct(o~lov,,s,

aulmd, and oll Ic.I 1)1 ICI IO II IM:I, and  fw m Mill lyprs 01’ SUI  lam J)tlolollw[ly.”

We al(: dcvc.loljin[, a fli~ht  expel-inlrlll 10 (Iclllollsl]alc  aul(~llllllc{[ li[sl-o[(lc]  illlcll)lcliltioll of” (JV slwct I: I 1(M

col]l])[~siti(~ll:~l  illfol]l~ati(m. Wc i n t e n d  10 (lc.si~,tl aIId  il]ll)lclllcnl  a {lccisio[l-tll[lkill~, :11{’,(llill]ln  ttial  uses  ltw
(JLIIIJII[ o f  t h i s  autol~mtc(l  (JV S]m[[al II][rll)lcl:llio[l  “1’(K)1 Iklwlitlwlll  ([ JV-SI’l’li) 10 sclcc[  :IIIIOI)F, scvcvdl
Icl:ll{:c.litl)lc. (Ibscl valiol] ol)lio]ls  during a tllissio[l flyt)y, [() dctu[[[litm wtlicll  woulci tm Scicll(ifically  lII(Jst
valual)l  c., tmwl on llm data t)c.illg ol]tairwd, OLII ~(mls wc  ( i )  10 (lcvclq) llIc algm  itllrlls ]cquilul  10 lnakc
au(otII:Ilcd  cot])l)osi(ioll;tl  iljf’ctclms  florll (JV s[mtra; (ii) I(I it]ll)lrll]cn[  Ilwsc. al~,()]illlrlls will] f f i ~ , l t t - l i k e
st)flw:ll[~  OIIIX);IIII {i t “ t i [ , l l t - l i k e .  [lliclol)[<)ccs~ol;”  ;IIICI  ( i i i )  (() (lctIl(JII\[I:I[c Illcit f(ltl(li(~ll:[li[y it] a fli~ll[
cxj)ctitl]clll,  as ;III  ~’ll:ll)]ifl~  calml)ili[y  1’(II I’lIIIIIC  N A S A  tlli<siotli

IilOrII  ti s c i e n t i f i c  slan(ipoirlt,  (I)c (ICVCIOIIIIICIII  of aLIloIII:Ilc(l  inlc]lllclali(~rl of LIV slrclta vwuld a l l o w  lIN
sj)drccIiIfl  [() dcci(lr 101 itsrlf wl]icll 10 l)ursuc v.,lw]l II]clc :Itc Ill:llly jx~tctl[i:ll avc[l(lcs  of” scictllif”]c t’aluc.

1:01 Cx;il]ll)lc, {Ilis cajmt)ility  cmlld  dL’lcrl ul~rn  lI)c spcct[ul[l  of 2 yi\ctl Iu.yiorl I):li suil’icicl]t si~tull-to-noiw”
(so IIIC a] ICI IIIIC  C:IH IK IIIOVC(I 0 1 1  I(J IIIC IICX[ Iocalc),  As :il)()[llr[ cx:IIIIplc,  tl]is ca[]:tl)ili[y could ;illow nc;lI -

tc:ll-lill]c  (lc’lcilllil]~ilioll of Wllclllcl f:lillt k“alut L”s ill L~ I)r(’scllt in llIc slwcllultl (so  111:1[ IIIC illsl[ul[lcltt

cxccu[ilfc  c:ItI dccidr wllc.ltm it is lMO1’IMI)IC  10 [c]]]~tit] ot] (Ilis I(w;lliotl (01 s[mll:ll Il:lld[wtss), or wllc[tm  il
would Iw wiscv  (i. c,, o f  hip,}m.t  val LIc.) to ckl)loIL,  (II IICI lx IIKllxIwm (II slmli:ll locations. Al[tmu@ [ilCSC
hilds of” ca]ml)ilitics  would bc usc.ful on I]l:lctically  :I[]y Il]issiotl i[lvolvitl[! a[[ll(lsj]lwiic  sl)cctloscoI)y,  i t
}101(1s Imllicul:it  i)lotllisr fw cncoutItcts  Iikc  l}Ic 1) S- 1 cx)tllcl ctlcxmnlct 01 otllct f lybys ,  wllcie  tlm lcacti(m
Iit]lc f[o]]] IM[ll) is 100 slow to ‘(cIosc IIK I(ml)” on unique  I[lissiot] scic]icc  ot)poltut]i(ics  wllic[l [mish aftct
tllc  flyl)y.
l; I(IIIl aII o]matiofls  st:ilidpoil]t,  ltm :itilomatcd  it]tctlllctation  01 ~JV slwc[l:i  to dctcvlllit]c tt]ril  qmlity  ( i . e . ,

S / N  dt v:iliolts  wavclcn~ll]s) find  cot]tcllt  ( i .e. ,  (IIC idctlliflcdlion  of Ilw clllissiorls t)ci[ly, dcl’clcxl)  ii,(mld also

clIal)lc  tt]c intc.llip,cnt  f)lioritiz.;itiot]” o f  (I;it;iscts  fw lt:i!]slllissio]l to tl]e ~,t(mn(l  (01 1 (I I  va[yitlg (lcf,Icm  of

Wllll]lcssion lnio] 10 tl:itis][] issio]]). S i n c e  llIc Scicl]tific  Succ’css (If iJlolIct:lly  [~lissio[~s  i s  dilw(ly
lIloJx)I [iorlal 10 tllc v211Lle. of tllc dala IC.IUI IIC(I, it is c]cal ttmt this kild o f ’  ana lys i s  (Jlllmild llw s]mcccrdf(  1121$

tllc ]Jotctllial 10 itnpove ttm uscfulricss of (I1C tlIa Ily (I:ll:isl[ c:llll-fill]ite(l t]lissiotis cnvisiollc(l fm tlIc f u t u r e .

I’rol)lclll  l)cscri  I)tiol]

‘1’tw s c i e n t i f i c  plo[)lclII of [7V sl)cc(Itil  cl;issif’lc:llior)  i s  w e l l - l ) o s c ( i .  Silll[)ly ])LII, tllc Softwalc [lccds !()

(Ictciiilirlc.  w’hclc i n  tllc. Sjmlrull] stalis[ically  si~, t]if’lcatit  Imaks  occu[ ((M iu solIIc.  ctlws ttlc absmcc  of

c:ln(li(liitv  Ic:ltu[c lwIks on II I)lcsctild Iisl). ‘1’tw sl[cil~,tll of (Ilc IK;tk i s  a IlwasuTL o f  Illc :itllout]t of
clllissio]l.  ‘1’flc.  latios of di:ifymstic  lwiks (pcsclcctcd l)y Icscalclicls otl [Im ~IoulId),  once  identified by the.ir
pos i t ion  in {Iw spc.ct[ UIII, yickl  Illc.asulcs  0( tlm rdativc  :itnlldanccs d dift’clcllt atll~os}~lm  ic constiluemls  (m
ill tlw Ctlw of I:itios  anlo]lg  fcatulcs  o f  ttm s:it  IIc s])ccics,  info]lllatioll about  tllc e x c i t a t i o n  IIlc.chal)is]lls

dctit]g  ill :ild Ihc. tl]cl  IIl:il  I)topct  tics of tlw ati IIosplIci  L’) [)citi~, stu(lic(l.

IIy collll);llitl~,  llIc Icsults  obt:iincd  dutinr,  diftcvcnl instlulncf)t  lmitl[in~,s, it i s  Imssil)lc  to “]n:ij) out”  ttm

vulicol w l]olimlila] slluctutc  o f  c.lllissions  in an allllosj)lwtc, ttlus :illowit]p, m i c e  to ctmc inlcrestin~.
I’.y,i{llls  ((~ 1~.~~lrl} t~~, 01 t{) ]llc.{lj~[ {\,c. l{~~;itj(>]}s of II :~llsiti(~n  7,(>l\cs  l~el~$,ccll  ]c~ions wl]ich :ilc  IlsC.fLll  f(~l

s(u(ly.

'I'l]c: s])c.cii-lc:ilp, ()ritlllll wJc])t{~])osc.  fell tllc LJV-SI’I’l  i:il]torlolllycx jlclil]lc.]lt” ise:isy tocicsclil)c. Silnply  I)ut,
wc will Kmovc. flat fkkl an(f costl]ic  rfiys cff’eels, cslal)]isll  :iII  itlsttutllclltal  wavclcll~,ltl sc:llc,  and tllcrl
collvc[t  ttmlcsultin~, collnt  (w count  Iatc.) slmt[a to :ibsolutc  units  Iisinp,  t h e .  irlst[u[[icllt  tt:insfc( function
(i.e., a stwcdsclisitivity curve) .  llsin~ tlmc “Icducu41  d;ila” OIK ttw.n sc.drcltcs a statistically significatlt
I)lc.srncc ot aktwc. of c]llission  f e a t u r e s  in a tal)lc  slmcific  to ttlc otwtv; ition t:tfp,ct. I:c;llurcs  t h a t  WC
I)lcscl]t(ol tlot:{t)ly; i\)srtll):  lle.l}lllsc tilalop,tlc(l.” (Isi[ly, tl)c cat:ilo~lof  fcdlu[cs  and tl]c latios of’])lcsclcctcd,



di;l::noslic  I“C:IIUICS,  IIIC sl)ccl ILIII)  CaII t)c CV:IIII:IIC(I  (() (Ictc[li]illc  i(s cOI)l CIII, I;lolll  Ill;ll Colllcll(, Ci(]lcl

dclct[llillislic  or  f’u77.ylogic based  rules  c:in bc uw(l 10 cval LlatC lIIC v.’(~rlll (If lhC Sl)fxllulll 101 IIdrlslllission
to ]i;ll(il  :111([ Wtl:l(  ttlC SJIL’ltllllll S:lyS  dboll(  thC lCl:l(i~C  V: IIIIC of ICtdl@:lblc ol)sCl VdlkMIS. [:01 L’MIIII)]C,  t]l(’
disc’ovcly  0{ Ilot)lc. }l,:IWS  ill a c(llllc(:lly colna  I! ’(lul(t  [x’ s o  illlllol[:lllt IIltll it w’ouid  likely (I Llll:Illk  :I({(iitio]m!
(Jbscl valiorls of  I:lil cl]lissions (N II I(IIC l[l:i])j)irl~, 01” 11?() COIIICIII ill [lIc cOIII; I,

(iivcn llIc inclcwin~, Collll)lcxily  of’ rlcl~-f:ellct:tliorl,  IIticlo  [IV Spcctiolllclms,  it is also  illllml[:~ilt 10 poin[
0111 [11:11 illslt  urllclll lccorlli~LlltttiO1]”  to clmosc  twlwcctl  vat ious W: IVCICIIF,llI  ]c~iohs, 01 10 llI:Ikr a  clmicc

t)rlwcctl  sJrclIal :In(l  Sl):l(i:ll c(wcial,,c i s Iwcotl]itljl irlclcasi[l~,ly LWIIIIIIOII. I low(:vc I, 1110s[ scictllisls 4: I, ICC

III; I1 lIIC clloiccs  OIIC I]li;l,ll( l[lnkc itl I]ill(lsi:,lll (i. (.,, :iltct (1I (Iulill:: o ilyl)y)  arr (I flct I (lillci  L.r]l  lr(mI

[)1 LC{)ll(’Ci\fC(! l)otio[l\” A \  :1 ICSUI[,  a  tool  111:1[ :Ill(I\\\ (IIC illsllulll[l]l I(I I)r tucollli:,utc(l  ill lt\lI(IrI\c [() (Ilc

(!: II: I it is ob[ainitlf \\,OLll(l olwt] a Wllotr nclv  \\ OIl(l 01” ;I(l:ij)(ivc  scicn[il’lc  rkl)lo]atiotl  al 2 diSl<IIIL~’.

oll~(”  [il(’  t]v sl)~~[ldl  [L(’()~,[li(i()t) d!l(i  s~ol ill:l  (()()!  i\ \’~l!i(i;l[~(i  i!) tilL. i’!i~ll[ ~t]vi[()]lt]l~i]t, \\L L’\l)LI’(  f(l([ll(>.

]lli S\io Ils (() tflk~ ;ld\’~lll{<\~L’  of i( (() [ll;~k  dCCl\lo  Il\ 011 !C(df~.Ch[)[C  ()[)\Cl  \’;l[i()[ls,  Ilow  l]l~]Cll 10 (’OII)J)IL.SS  ( o f

wlicll)ct 10 Cvctl lfallsll]i[)  slwcific  it]]a~,cs s[(Mc,(l in II I:ISS II ICI II(Ny, an(l lIow 10 a[l; q)l (IIC illslfu[llcnt

cotlf”lp,lll:tliot)”  dutitl~, at I cl ILx ILlt Ilr I or o]l)ilal [l)i~iio[l, (l Ictcl)y  cnl]allcitl~, l}IC scicnlif”lc lL-ILIIII  :tl Ki lo\\,ctiny,
]llisii(~tl ol)claliolls” CX)SIS.

]Jrclilnil]ary Rcsulls

“1’llis Cxlwli]ilcnl  is Icss  IIIal IIIC :It IIlis (it  Ilc;  wc wi l l  Ic[m[l on l~]clili]in:l[y [LSLIIIS in o I’LIIUIC i“(IIu In

I“(J’1’LII<lt  1’1<os1’11(:’1’s

Nt’\V lt)il)l(llillioll :111(1 (IIC l’l~llCt:tt’~ 1$’CI)

OLII Icclllmlogical visiol] [()] l]wclill~  lIIC cl I; Illc  IIf:c 01” Ic(ull]i]]y, (I(]:tli(y sciciwc  ltlloLl~,,ll  li]llilcd

c(j]iltll(l[lic:l(io]ls  b:lll(l\vi(llll :In(l a[ l o w  msl \vill ac(uolly  J)ul scic[llis[~  ill [i I[lorc (Iilcc[ lirlk \\, iltl ttm
slmwcI:Ifl  llmn Ims I)CCII  I)(msil)lc in Ilm lMISI, ‘1’ccl]ttolop,ics  IiLc [m(trln  ]rco~nitio]l” md  II]acl)i[lc lc:l]llin~,
w i l l  I)l:(cc a par( of Ihc scicnlisl’s awarcmcss  (Hlb(mld ttlc simccci:(fl al Iauucll Ii[l]c lt]lou~,l] (Iaitull)lc objcd
trcog,tlims. Sllcl I awatcmss can 1x2 USC(I  to pl iw ilim dowolit]k  or 10 :tLllotIotTIollsly  ti[[lc-c[ ilical f o l l o w - u p
(i)s(.t  v:lti(ms without fI,[[)LIId illleiaclion. OnlxMitd (I:il:t IIli[linf, Ille.ltm(ls c:!!) l)c uw(l to iilcludc  mtdidilk:
(Iiscovcl  ic.s in c;icll do\\mlir]k 101 scientists’ sm u(iny. Whcll a scicn[isl  (Ic(cl [Ilincs tllal a disc(mw y has txxm
llla(lc, a ]Icw rcc(~~:llim can be quickly  dcvcl(qnl d uld(mlc(l,  and Illc Icpr iw itimd  i]lissio[l  colllirlucs,
l]lo(liflcd  by Itw scict]lisl  in n [I]uctl  lIIorc.  intilllatc atI(l cfficicll( [I]2nl Icl 111:111 is j)(mit)lc today.

WC. IIl:ly Cxlmcl  all[or)orIIy”  10[ scic[wc  to cvol\,c  tl]lou~ll  scvcl:il  ty[]cs (If’ II]ission Sccrlalios.  llc~,irllling,
\\~illl tllc :Iyilc, solil;lly  CX])I(NCJ, Illis scc.tlatio would  lyl)icillly illlfolvc  (tic iljlclli~,ctlt  Sclccli(ln o f
slmcclx~l[lc scictltific C.xlm]iliwnls by I:tI)i(l andlysis  of [nclitili[l:lly  lo\\~-!cs(Jllltiot]”  data l+atulc (Ictcdi(m
:ll~,olitllllls  C:itl Ial)i(lly Cxll:icl ilntmr [ant (h.jccls  SUCII :I\ Volcallocs” all(l cIa(Lvs ( I l l  Illallct:lly  S i l l  lam,

Imssi[,lc  sdtcllitcs ill (J1bit al[)llrl(l  :istcr(li(ls, (] I Ilillts (, I Jmllicula[ Clcl[lctlts ill lJV  Sl)cct[a 1’10111  C(llllctaly
Idils. l{ii]]i(l (Iccisi(ms  I)y :Iutottlalic  soflwwc C: III a l l o w  nul(IIIOIIIous”  s]mcccraft  rcslmnscs to Illaximim
scientific ]ctuill, e.g., t]ip,tlct tcsolution illlap,itlF,  of wcas  licll  in volc:l[locs”  md cIiIlcis,  ]~’ciilc.c(i(m o f
sl):lccclaft  10 con fitln sa(clli[c  pcsclwc and to Itl:ll) i[s oll)il,  o] itl\tTuc(ions  10 (lilt’cl 1111--  llV slIcc[[olIwlcl  10

collccl  l]i~,llc.]-rcsoltlli(~ll (Iala in itttclcs(ill~,  lcF,iotls o f  a c(llIwhlly (ail. ‘1’tlis  cnpat)i]ity  wi l l  I)c cslmcialiy

it]l]ml:l(l[  f(n fly-by  ]I)issions (M 101 stu(lyinp, l!al)~irtlt j)l Irt Iol IIc IIn.

l;utulc [Ilission  scc.na[i[)s aIL- Iikcly  to illvolvc  sl]liill cotlstcllations of  liolliop,ciIc.OLls ])latf(lll[ls  Colductin.q
a sitl~,lc Il]issiotl, such as d f[cc.-flyit]~,  inla IC.IOIIICIC.I co II I])osd” of scvcidl  clc II Ict Its. one ~,(ul  (01 S u c h  a

Illission i s  llw (Iclccliofl of twiy,tlb(llinF, I~lanctaly syslcl  IIs. hfi:lullitm lc:ltlli[)~, aIId (I:{ta lIlillillp, Ic.cl)lliquc.s

w o u l d  c.nat)lc ttle. (Ic(cc(i(m of [Imc syslcIIIs  wi(ll aII m(icl o f  lna~, niludc lli~,lm scrlsi(ivi(y  (II:!!! would bc
possible with stnn(lml  Iccllniqucs. l;ululc  scic.n(ific analysis  I“L’l](lil”L’S Itw dcvcl(IpInc.11( of’ tccllniquc.s to
aIIaly7c  intcv fcmIIch ic sifylals in tlIc  prc.scncc. of ulIcet  lainty, c.~,., ]anking,  l]ypoltwscs  b y  incol[m ation  of

I;IW sig,llai  will] r~]io]  lIi(dcls o f ’  p o s s i b l e  plaIIc  Mty systc.lns. ‘1’tlis  C[lill)lCS  tx)lll IIIC L’tlilractcl  iza[ion of

})lHm.l:\t  y 01 l~ils  aII(l  cstit]ia[cs of II Iawcs  fot plaIIc14r  y syslctII ca[di(l:itcs.



l;i[]:llly, wc CdII i]l]ay, inc a hclcI[)y,c  IILYIHs  c o l l e c t i o n ”  o f ’  sl)dcc ;111[1 :, IO LII)(I 1)1;1[1”01!]]S \+~i[tl ir;ilyi[~~l

cal)abili(ics, such  as  a  lJr(ymscd  “M; Its S(wic[y”.
.,

A  t yjlical  srcliai  io IWIC  i n v o l v e s  r;y)i(l  mslmnsc  I(J
iltllml(:llll  scrcn(lipi  lous scic. n(ific cvcl)ls I[llay,itlc a llcc[ 01” sl):lccciaf’1 ill olt)il :ll(~ull(l a [Ilancl \ifiltl a INIF,C
of ’(lclccling dc\iccs. ()[Ic (Ielcc[or ilnd::cs  a If(llc:tl]ic 11’f:ion, ;iIId (Iclculs :( ]mssiblr ctu])li(~ll ill IIw \’isil)l~.
rc’~ifllc. ‘1’l]c spdccxv a l l  c(mdinulcs wi[tl anoltwt  slmccctdf’( ill IIIC fled c:ill  yinr, al] I  1< i]lld~,cu, \\fl]icl]

tclat~cts and Checks [hc Salm  al-ca, :111(1  conli[l]ls  of (Iisc(mllls Illc C\ Till. If’ confillllr(l,  sc\’cr:ll other  cI:if’1 in
lhc ilccl  arc. rcciimclc(l 10 focus  of] this  irtlpor(a[ll  CVCIII [() Ill:lxilllizc  scicmc rctut  n, (i](mml  \~clliclcs ta!.x’
scisll]ic  and ollmr  d:Ila and nlay  al[c III[)l 10 OI)WI-VC  IIIC ]) IIcI)OII)CII;  I 2( cIOSC  hand.

III  n fitlol and col]tilluing  I)l)aw o f  :IIIIOI)OIIIy”  (lc\fclopIIIcII(  aII(l illwili(~n,  Icclln(jlopics  sllcll as t h e  (~ttr\

(li\cussc(l  hctc  \\’ill IInvc e v o l v e d  by ?f)l O 10 liIc  lx)itll V,JIICI( IIIIIII; III a\va[(lIcss  i~ r(~(llitlcly lM(~w[c(l  I(I

IClllolc slmclx)lIIc IIla[f(nllls d sutli ILL’ \(lli(lcs. SuclI  ca[),tl)ililic\  w i l l  ullitl];llcty  ciuit)lc nc\\’ ty{lcs (If
~’kl)lora(ion” lllissi(lll\. ‘] ’llcl(! will [)C :1 11[’ii  L’!<l S\ of” ~i[li]dll[ llli\\loll\, W] ICI(’  S]) LIC[’L’ldf(  il[(.  Cfl(k)\VCd  \\llll

[lIC  ;I[)ill(y  [() lCL’oglll/.C  CCl([lill  C];l\\L’\  (II  W’IL’IKI’  C\’Cfl(S  illd  [()  !(’1)()![  011 [[ICI]] illl(oll(llll[)  (lSl~. ‘1’flcrc \vill
d[so I)C.  ;I r]Cvv’ C]:lss of ]ol)[~ (Il]id[io]l !lli\\lo])\, \! ’flcl C ;Il] ill\ ’cs(l~d[io[l (’d]l [dkc l)i;lL’C  ()\r C[ d (k<l(k’  01” lIlolL~

:11 low (os[. iixa 1111)1 L’s of Ihcsc  ncw  l]li\siorl\ wc a Sul]t]lalitlc Ck[)lolL’!  [Irdcl  l~ulolm’s  icc cILls[ \vtlicll [L’-

Illclls (() (Ilc sutl’;lcc :111(1  Ic.lays back  ulIi  I{ it lIiI\ l’(JLIII (I,  d UIal Iu\ (ll~)i(cr  \vllict] co IIcitlL[\  s[u(iics (~f’ SC: IL, OII:II

cycles  W]licll Ids[  II IOIC 111:111 20 yc:II$, IIlict(l  I()\’c I inw’ls Wtlictl lJIIIIOW  III I(ICI (IIC suI~’:Icc (~f Nfa[s !ookiug

h~l l’\’ldCllCL’ Of Iifl”  ()[’ Sll[\’C.yill~  W’il(L’l  COIIIL’11[, d:dill  [L’SLll~;lCill:!  10 ([:trl\[l]i( (iala. d A 4 ( ’ l L ’ L i l y  I;lrdcl \l~l]iclt
[Iics lo Cic[cltllinc tiIc  ()]i~,in o f  wa[cl ic~ I I I  IIIC l)LtIII:IIlrtl[iy slI:I(lc(i  soLItlI }x)lc  cld[c’t, art{llx~(~ in (lIc ‘1’i{:\n

allllos[)llctc  wlwlc’  Collltl]llllic:l(ioll” Inay  lx’  d cII:Ilic II},c, aII(l ul[i[llalcly, slmcccI:If ’( SCII1 cll[i[cly  out  o f  [i~c

~ola[ syslcm. l:toln {Ill cxpiot:ilion  pcts[]cc[i\u, ;IIItoII()[IIy is  :1(I cx[Ic[IIcly ckcititlp, ~)l[)sllcc(. A s  anotllcl
Ioyic:ll C(mscquetlcc  of  such  cxjm(ic~l c:l[]:ll)ili(y, aLI(ot IoIIIous  qmcr  jIl:I(f(II  III\  ami  SUII’:IUC  vcl]iclcs  (botil
~)latlc[a[ y- atd 1 ia[ (1]-based) as in(cllip,cn( a~,(’n[s  will rl’pl csc[ll much Illo!c sol)llis(ica(cd  \crsi(ms of io(l:iy’s
N’orl(i-Wi(ie  Wcl) no(ics, I)irrcl :in(l [[dn\lmIc. tIl access (o lIIC (1:11:1 rclufnc(i 1[0111  IIICSC \\i(icsl,lca(l  a~,cIlls u,iil
I)c :Iv:lilal)lc 10 scicn(isls,  school  cllii(irctl  ;in(i (Ilc Sclwldl  [)Llt)lic, “1’llus wl(()[l(mly (Cc’hllolo:,y”  Illiiy also  lx’
cx[)cc[c(l ((1 ])l:ly  a  ccntl[ll  lolc a s  a  ful)(i[Irncn[:Ii  an(i Iicll soulcc  o f  itll’olllla[io]l” ill out f’u[urc’s itlfoccnilic
s(]cicly,

.Acki)()!vlc{lgclllcllls

I<crcrcllccs
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